In this paper production of energy efficient Refuse Derived Fuel (RDF) from municipal solid waste rejects was carried out during August 2012 -April 2013 in Coimbatore City India. Municipal Solid wastes rejects (paper, plastics with exception of polyvinyl chloride, textiles) were collected from waste dump yard of Coimbatore City. Sawdust, coir dust, water hyacinth and rice husk were mixed with the collected wastes at a fixed amount of 20 percent. After grinding, cassava starch was used as a binder to produce RDF briquettes with the help of uniaxial piston briquettes making machine. Physical, chemical and thermal characteristics of the RDF were studied to assess their potential use as energy efficient material. The analyses were divided into three categories namely, physical, proximate and ultimate analyses. Results indicated that, under physical and proximate analyses; impact resistance index (IRI) for all the RDF samples were 200, density were less than 1 kg cm -3, moisture were less than 10 % wt, ash content varied from 2.8 to 9.2 % wt, whilst volatile mater had mean value of 83.1 % wt and fixed carbon which is by subtraction ranged from 1.4 to 9.2 % wt. With respect to Ultimate analysis, Oxygen, carbon, hydrogen varied from 27.01 to 39.78 % wt, 44.8 to59.7 % wt, 5.9 to 8.1 % wt respectively. On the other hand nitrogen, sulfur and chlorine ranged from 0.18 to 0.87 % wt, 0.27 to 0.71 % wt and 0.339 to0.521 % wt respectively. Calorific values (high heating values) ranged from 5085 to 6474.9 kcal kg -1 . The results were compared with Energy research Centre for the Netherland database and noted that with exception to moisture, fixed carbon and hydrogen other parameters had a significant lower or higher differences. From the study, RDF from municipal solid wastes rejects along with the additives produced high energy efficient materials.
Introduction
Energy is one among the human basic needs that drives human life hence extremely crucial for continued human development. It has been pointed that providing adequate and affordable energy is essential for eradicating poverty, improving human welfare and raising living standards worldwide (Chakravarty, 2013) . Population increase, rapid industrialization and urbanization significantly increases demand for energy as standard of living improves with rising in average household's income, particularly in developing countries (Adefeso et al., 2012) . Rural to urban migration in India has caused generation of municipal solid waste to thousands tones daily. In Indian cities, per capital generation of wastes ranges between 0.2 to 0.6 kilograms per day equivalent to 42 million tons annually (ADB, 2011) . These wastes are disposed in low-lying areas without taking any precautions or operational controls and these varied between 60 to 90 per cent (Kaushal et al., 2012) . Energy to waste technologies have been tested and utilized in many countries, developed and developing countries. In India this technology had been tried with very little performance (Asnani, 2006) . Therefore to solve both the problems of waste disposal and energy shortages simultaneously, in the present study, the refuse derived fuel (RDF) approach is assessed. The study was undertaken to explore skills, knowledge, standards and techniques for producing energy efficient RDF from municipal solid wastes rejects which will be utilized in cement kilns, power plants and other beneficiaries.
Material and Methods

Description of the study Area
The study was carried out in Coimbatore city between August 2012 -April 2013. Coimbatore is the third largest city in the Indian State of Tamil Nadu after Chennai and Madurai. It is an inland district in the Southern part of Peninsula. 
Data collection methods
Sample Preparation
Along with municipal solid waste (papers, plastics with exception of Polyvinyl Chloride and textiles) rejects, other materials (coir dust, rice husk, sawdust and water hyacinth) in this study termed as additives were collected, grinded and mixed with cassava starch as binder. Additives were selected based on their availability, transportation costs, and theoretical calorific values and identified as wastes intended for disposal. On the other hand cassava starch (paste) selection was based on its cost, able to be locally processed, available at large scale production, clean combustion and final characteristics of the fuel. With the help of fabricated uniaxial piston machine for making briquettes (Figure 2) RDF were prepared under room temperature and dried before they were taken to laboratory.
Figure 2: Different views of machine used for making briquettes
In this study a statistical experiment used was completely randomized design (CRD) and a layout of five treatments (T1, T2, T3, T4, T5) with four replications.; T1: 100 % MSW, T2: 80 % MSW +20 % sawdust, T3: 80 % MSW +20 % coir dust, T4: 80 % MSW +20 % rice husk and T5: 80 % MSW + 20 % water hyacinth. The analysis was divided in three categories i.e. physical assessment (dimensions, impact resistance and density), proximate and ultimate analyses (see table 1 ).
Sample Characterization
Length, diameter and then from weight and volume of the briquettes true density was obtained. Moisture content was determined by drying the known weight of sample in an electrical oven at 103 ± 5 o C for one hour until the constant weight was reached (Browning, 1967) . Volatile matter and ash content were calculated numerically by using American Standards for Testing and Material (ASTM), (2006) whilst fixed carbon was found out by subtracting the sum of percentages of ash content, volatile matter content from the total percentage (Cordero et al. 2001) . Carbon, hydrogen, nitrogen and sulfur were determined according to standard CENT/TS 15407, (2006) . CHNS analyzer (Model -Vario EL III) in Cochin University of Science and Technology, Kerala with a sensitivity of 0.001 mg was used. On the other hand chlorine in RDF samples was determined by ASTM Method E776-87 (2004) (Watanabe, 2004) , Oxygen was determined by subtracting the percentages (estimation by difference) of carbon, hydrogen, nitrogen and sulfur from the whole percentage (100 %). ASTM D440-86 method was used to determine Impact Resistance Index (IRI) (Saikia and Bamah, 2013) . Gross Calorific values were experimentally measured using bomb calorimetry method. Data for comparisons were obtained from Energy research Centre for the Netherland ECN database. (Phyllis 2, nd)
Results and Discussion
In the following table are mean values obtained in the present study. Physical Assessment RDF produced had dimensions of 60 mm length, 50 mm diameter with hole of 15 mm at the centre which agrees with (Park et al., 2008) and densities ranging from 0.558 to 0.733 g cm -3
which also compares well with study by (Krizan et al., 2011; & Chiemchaisri et al., 2010) . In this study IRI for all the samples was 200 which is the maximum value. IRI assess the potential of RDF to resist any pressure and breakage during transportation and when emptying the tracks.
Proximate Analyses
Moisture content is one of the main parameter that determines the quality of RDF. Lower moisture content implies higher calorific values; otherwise material will burn at lower temperatures and thus increasing likelihood of harmful gas emissions (EPA, 2010). Produced RDF had moisture less than 10 % wt which corroborate with reports from similar findings (Koukouzas et al., 2008; Park et al., 200; and Kara et al., 2009) . With respect to ash content, T5 reported maximum value of 7.9 % wt which might have been contributed by the nature of the additive (water hyacinth) which agrees with (Park et al., 2008, Poespowati and Mustiadi 2012) and standards reported by (Kara et al., 2008) . On the other hand, volatile matter in T1 and T2 had highest values of 86 % wt and fixed carbon which remains after volatile matter and by difference varied from 4.6 to 9.2 % wt and mean value of 6.7 % wt (Figure 3 ).
Figure 3: Graphs for proximate analyses for the produced RDF
Ultimate Analyses
For major components (Carbon, hydrogen and oxygen) the values are responsible for classification of heat values, calculating heat balances in boilers efficiency test (Rees, 1996) . In present study hydrogen, carbon and oxygen had values ranging from 47.71 to 57.45 % wt, 6.7 to 7.70 % wt, and 30.30 to 36.41% wt respectively. The values for example oxygen are much comparable with other findings (Koukouzas et al. 2008; Garg et al. 2009 and Chyang et al. 2010) . The parameters are important as the environment and technical aspects are being assessed based on the chemical composition of RDF.
Figure 4: Graphs for ultimate analyses (minor and major constituent) for the produced RDF
Minor component (sulfur, nitrogen and chlorine) is responsible for the formation of harmful gases when combusting the RDF for example nitrogen for the formation of Nitrogen Oxides. Lower values of 0.3 to 0.5 % wt lead to lower formation of harmful products (Genon and Brizio, 2008) . In this study nitrogen varied from 0.21 to 0.61 % wt(as shown in Fig. 4 ) which agrees and within the range reported by (Moran et al. 2009; Genon & Brisio, 2011; and Surroop & Mohee, 2011) . Sulfur values varied from 0.42 to 0.69 % wt and mean value of 0.51 % wt. According to (Kara et al. 2008) 0.50 % wt is the maximum value set as standard for sulfur in RDF. On the other hand, chorine had values ranging from 0.38 to 0.49 % wt which is below 1 % wt a European Union (EU) standard according to (Partner, 2008) .
Caloric Values
High and Low heating values (HHV and LHV) in the presents study were ranging from 5085 to 6474 kcal kg -1 and 4442,7 to 5709.5 kcal kg-1 (figure 5) which compares well with Indian imported coal which has calorific values ranging from 6200 to 6500 kcal kg -1 according to Indian Ministry of Coal (MoC, 2005) . 
Comparison between produced RDF and ECN database values
Data from RDF produced were compared with known fuel data from Energy centre for the Netherland (ECN). Statistical tests were performed for all the parameters; the results indicated with exception of moisture, fixed carbon and hydrogen which showed no significant difference, other parameters had significant lower or higher differences. Ash content, nitrogen and chlorine had a significant lower values whilst carbon, oxygen had a significant higher values. Despite the differences between the mean values in the present study all the parameters were within the minimum and maximum values recorded from ECN database (Figure 6 -8) . 
Conclusion
Energy demand, natural resource depletion and municipal solid waste management problems have been identified as major challenges and part of our life. Utilizing wastes can help to reach a goal of MSW no longer a wasted resource but a source from which to extract raw material and energy on an industrial scale. In this paper production of energy efficient RDF from municipal solid waste rejects proved sorting of wastes typically produce a residual fraction of high calorific value. 
